Background: although many studies have demonstrated the association between body mass index (BMI) and many diseases, there is little evidence of postoperative mortality after hip arthroplasty. The aim of this study was to evaluate the association between BMI and mortality after hip arthroplasty in the older population. Methods: a total of 3,627 older patients who underwent hip arthroplasty from 2010 to 2013 were included. We used Cox regression analysis to evaluate the association between BMI and mortality after hip arthroplasty. The hazard ratios (HRs) was calculated from 30 days, 31-365 days, and from the first day of surgery to the day of death during the study. Results: under-weight (BMI under 18.5 kg/m
Introduction
Obesity, measured by body mass index (BMI) for decades, is considered one of the most important factors affecting morbidity and mortality. Definitions of 'over' and 'under' weight are different in Asian and Western populations. For example, a BMI greater than 25 kg/m 2 is defined as over-weight (obese ≥ 30 kg/m 2 ) in Western populations while corresponding values for Asian populations are 23 kg/m 2 or over (obese ≥ 25 kg/m 2 ) [1] . Many previous studies have suggested that BMI is associated with cardiovascular disease or cancer and is a risk factor for premature death [2, 3] . However, studies called obesity paradoxes have shown that in some diseases, obesity has a lower risk of mortality than normal weight [4, 5] . It has also been shown that weight loss is associated with increased mortality and morbidity compared to normal weight [6] . The effects of BMI on morbidity and mortality have been well studied, but there are some controversies, and most studies focus on cardiovascular disease and lack evidence of the impact on surgical patients.
Hip arthroplasty is a frequent surgery for older people improves physical function and quality of life. This is considered a safe procedure and surgery is projected to increase by 174% by 2030 to about 600,000 procedures per year in the USA [7] . Estimated mortality after hip arthroplasty is not high and some studies have shown that mortality in patients with hip arthroplasty is lower than in the general population [8, 9] . However, this may be due to improved physical functioning of healthy subjects and preoperative patient factors are an important factor that cannot be ignored [10, 11] . In particular, patient factors such as comorbidities, older age and obesity can affect postoperative condition [12, 13] . One study suggested that obesity was not associated with perioperative morbidity and mortality but affects operation time [14] . Other studies have suggested that obesity increases the risk of adverse events after hip arthroplasty and is associated with postoperative inflammation [13, 15] . There are many studies on the factors affecting the outcome of patients after total hip arthroplasty. However, the effect of obesity on the operation is controversial.
Similar to the USA, hip arthroplasty is a common procedure in Korea, with an increase of 25.2% from 2007 to 2011 [16] . The average age of surgery is in the late 1950 s, and surgery is expected to gradually increase with aging population. There have been several studies on factors affecting mortality such as age, sex, type of fracture and comorbidities after hip arthroplasty in Korea [17] . However, there was a lack of research on the relationship between preoperative BMI and mortality. In particular, since the BMI standard in Asia differs from that in the USA and Europe, the relationship between BMI and postoperative mortality may be different for Asians. Further, in the older population, which is a high-risk group, postoperative mortality due to BMI may be different from the general population. Therefore, deciding on surgery for these populations will require careful selection and will require the patient and the physician to provide information and to judge the risks of the surgery.
In this study, we evaluated the association between preoperative patients' BMI and mortality after hip arthroplasty. First, we evaluated the relationship between preoperative BMI and postoperative mortality to determine the effect of preoperative BMI on patient outcomes. To evaluate the short-and long-term effects of BMI on mortality, this study also considered mortality at 30 and 31-365 days after hip arthroplasty. Seconds, as the effects of BMI on mortality may differ depending on age, this study evaluates the differences in the mortality by age.
Materials and methods

Database and data collection
This study used National Health Insurance Service (NHIS) Elderly Cohort data. This data is a population-based cohort established NHIS in South Korea [18, 19] . We defined patients who received hip replacement for the first time as a population and selected patients who underwent hip arthroplasty between 2004 and 2013. A total of 11,240 patients received hip arthroplasty during the study period. First, this study excluded patient who received revision of hip arthroplasty. Secondly, we excluded patients who did not have health examination information. Next, patient factors that could affect mortality, such as cancer, infectious disease and multiple trauma, were excluded. Finally, we excluded patients under the age of 65 and patients with missing data. Ultimately, 3,627 patients were included in our study (see Appendix, available at Age and Ageing online).
Variables
The outcome variable was the mortality in patients received hip arthroplasty. Mortality was defined all types of death in patients after received hip arthroplasty. First, we identified the date of each patients' surgery, and we followed each patient after that date. Next, we identified whether each patient died during the study periods. If the patient died, the death date is considered to be the end date, and for patients who did not die, the end date of the study was considered as the end date. We also analyzed 30 or 31-365 days of death to determine the difference between shortand long-term survival rates.
The primary variable of interest in this study was patient BMI prior to surgery. First, we identified the date of each patient who was hospitalized for surgery. Next, we identified the date of each patient's health examination based on the day of hospitalization. Since health examination is conducted every two years or every year, we used the latest BMI information before the patient underwent surgery. All BMI information was measured as the latest date before the patient underwent surgery and classified into five categories based on the Asian subject: Under-weight (<18.5 kg/m [20] . We adjusted the socioeconomic factors and lifestyle of patients that could affect the patient's mortality [21] . Patient characteristics such as sex, age, medical history, major diagnosis, income status (low, moderate, high), insurance(medicaid, self-employed, employees) and year of surgery were included. Lifestyle variables included smoking status and alcohol consumption of most recent health examination questionnaire. Alcohol consumption, was classified in social drinking (1-2 times/week), heavy drinking (3-7 times/week), none. Type of surgery is classified as total hip arthroplasty (THR) or hemi-arthroplasty (see Appendix, available at Age and Ageing online).
Statistical analysis
The distribution of each categorical variable was examined by an analysis of frequencies and percentages and χ 2 tests were performed. Kaplan-Meier survival curves and logrank tests were used to compare survival rates between groups. We used Cox regression models to determine the association between BMI and mortality after hip arthroplasty. Hazard ratios (HRs) for the mortality after hip arthroplasty were estimated, starting at the first date of surgery and accounting for the duration until the allcause death. Because the mortality may depending on the age, we evaluated further analysis based on age groups (65-74, 75-84, ≥85). We also assessed the short-or long-term mortality according to BMI by examining the 30-day or 31-365 mortality rate. All statistical analyses were performed using SAS version 9.4 (SAS Institute, Inc.; Cary, NC, USA). P-values <0.05 were considered statistically significant. Table 1 shows the general characteristics of study population. In our study, 3,627 patients were included, of which 308 died (8.49%) postoperatively. The mortality rate was highest in the under-weight group (14.76%) and the lowest in the obese class I (4.27%). The results of cox proportional hazards regression model between BMI and all-cause mortality in Table 2 . Under-weight is significantly associated with increased mortality (HR:1.423; 95% Confidence Interval (CI): 1.023-1.981) after hip arthroplasty compared to the normal range. In addition, the higher the BMI than the normal group, the lower the postoperative mortality, but this was not statistically significant. Figure 1 shows the difference in mortality rate within 30 days or 31-365 days depending on BMI. Similar to the main results, mortality was significantly increased within 30 days in patient with under-weight(HR: 2.368; 95%CI: 1.130-4.960) compared with normal, and patients with obesity 1(HR: 2.023; 95%CI: 1.008-4.059) also showed a similar pattern. However, the mortality rate of 31-365 days after surgery in over-weight(HR: 0.526; 95%CI: 0.343-0.805) and obese I patients(HR: 0.576; 95%CI: 0.384-0.865) was lower than in normal weight patients. Figure 2 shows the results of a subgroup analysis to assess the association between BMI and mortality by age. The mortality was significantly higher in under-weight patients aged 85 years and older than in normal weight (HR: 2.054, 95% CI: 1.192-3.538). Similar trends were observed in other age groups, but this was not statistically significant (see Appendix, available at Age and Ageing online).
Results
Discussion
The aim of our study was to evaluate the association between patients BMI and mortality after hip arthroplasty. First, this study found that under-weight is associated with increased risk of mortality in older patients after hip arthroplasty. This result is similar to previous studies in which under-weight is associated with an increased risk of death or complication. A cohort study showed a J-like relationship between BMI and mortality. Compared with normal weight, under-weight increases the risk of death and overweight and moderate obese decreases the risk of death [22] . In addition, studies have also shown that under-weight is associated with increased risk of surgical site infection and transfusion after hip arthroplasty [23] . However, one study shown that the BMI was not associated with the hospital stay and readmission rates except for very obese [24] . Other study have not found a significant association between BMI and mortality after hip arthroplasty [25] .
Older patients are start to lose weight gradually as they age or may be affected by an individual's diseases, leading to weight loss [26] . Low body weight mainly reflects the loss of lean body mass in older people, especially when the initial body weight is relatively low, the risk of death increases. Thus, patients with under-weight are relatively weak than normal people and may not have enough physical strength. As a result, under-weight affects the patient's ability to withstand postoperative treatment, which can negatively affect wound healing in older people in recovery phase and increase mortality. In particular, when we consider the mortality rate within 30 days, we found that older patients with underweight are twice as likely to die as compared to those with normal weight. Our results suggest that healthcare providers and patients should be aware of the increased risk of mortality from under-weight, and the increased risk of death within the periods, especially within 30 days.
Second, our results show that obesity can have different effects on surgical patients. In our main finding, mortality after hip arthroplasty was lower in obese patients than in normal weight, but not statistically significant. However, this trend has changed when considering the short-and long-term effects of BMI on mortality. The obesity paradox is that over-weight and obese patients paradoxically have better results than normal patients [27, 28] . Means that body fat may play a role in reducing oxidative stress and inflammation, which can have a positive impact on patient outcomes. Obese people will be able to withstand weight loss better than normal people during treatment, and improves the patient's prognosis and survival [28] . Our results also showed that obesity is associated with increased mortality similar to previous studies, except within 30 days.
The 30-day postoperative period is an acute phase in which the patient's condition can change drastically due to various complications or various factors. In patients with hip arthroplasty, age and obesity were risk factors for increased adverse events [15] . These adverse events include such as acute or early deep infection, hematoma and major bleeding, and obesity can increase the risk of these complications immediately after surgery [29] . In addition, low physical activity affects patient outcomes and may contribute to increased mortality in obese patients in acute phase. As a result, obesity patients in acute phase may be at increased risk of mortality, but after the acute phase, they may have a positive effect as seen in obesity paradox and contribute to the reduction of mortality.
Third, age subgroup analysis showed that patients under 85 years of age who are under-weight increase the risk of mortality after hip arthroplasty. As already mentioned above, age is associated with increased adverse events. Especially for people aged 85 and older, the burden of surgery may increase, and patients with under-weight cannot tolerate the recovery process after surgery. Therefore, these patients will need to be cautious about their choice of surgery.
Hip arthroplasty is considered an effective way to improve patient quality of life and safe surgery. However, not all patients are safe, and frailty is a factor that can affect Continued postoperative mortality. Frailty in older people includes low physical activity, muscle weakness and unintended weight loss [30] . Under-weight may be the result of muscle weakness or unintended weight loss, and over-weight may be associated with low activity in older patients. Frailty associated with abnormal weight leads to a reduction in physiological strengths or other systems, leading to a loss of homeostatic function that can withstand surgery and the resulting vulnerabilities. Thus, patients with under-weight and older patients will need to consider carefully before surgery as the risk of postoperative death increases. Further, obese patients may also be at increased risk of mortality within 30 days of surgery, so some patients will have to be cautious when choosing surgery. Our study has several strengths. First, although many researchers have been carried out on BMI effects on mortality after hip arthroplasty, few studies have examined the short-and long-term effects of mortality. Second, there is a lack of studies the relationship between postoperative mortality based on Asian obesity, and our findings may be helpful in deciding on surgery for older adults in Asia. Finally, other studies have mainly analyzed the mortality according to the presence or absence of disease. However, in this study, lifestyle such as drinking and smoking, which are the life characteristics of the patients, were adjusted as variables.
Despite these strengths, our study does have some limitations. First, the clinical condition or frailty of the patient, and the skill of the physician, which are not measured in our study, may affect postoperative mortality. Further, we were unable to measure other surgical factors such as operative time or type of anesthesia that could affect patient outcomes. Secondly, there is a time gap between health examination and surgery, even though we have used the most recent health screening records and excluded patients with diseases that could affect their health status, which can be a potential error. Thirds, we defined the mortality rate based on the all causes mortality after hip arthroplasty, so other factors other than surgery can affect patient outcome mortality. However, we adjusted patient's comorbidities, and measured mortality rates within 30 days and 1 year, which are mainly used to measure the outcome of the patients after surgery. Other factors such as ageing may affect the patient's mortality, but potentially those factors will not be large. Finally, the data we use is representative data, a large number of patients were excluded from the selection process, which could potentially lead to errors in generalization. Thus, further studies considering large study population are needed.
Conclusion
This study suggested that abnormal body weight is associated with increased mortality in patient with hip arthroplasty. In particular, under-weight older patients are at increased risk of postoperative mortality. Therefore, healthcare providers should consider the under-weight of the patient when deciding on the elective operation or post-traumatic surgery.
Key points
• The impact of BMI on morbidity and mortality has been well studied, but the impact on surgical patients is controversial.
• Under-weight is associated with increased risk of mortality after hip arthroplasty.
• Obesity has different effects on long-term and short-term mortality after surgery.
• BMI is one of the important factors affecting mortality after hip arthroplasty and careful consideration should be carefully considered for older people.
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